INTRODUCTION
The development of esophageal varices is a common clinical complication in patients with cirrhosis; severe bleeding from esophageal varices has been estimated to occur in approximately 30-40% of patients with cirrhosis 1 and carries significant morbidity and mortality. [2] [3] [4] [5] [6] Since the management of patients with cirrhosis, portal hypertension and esophageal variceal hemorrhage requires specific therapy, it is important to differentiate variceal bleeding from other causes of upper gastrointestinal bleeding (UGIB). First, patients with variceal hemorrhage require pharmacological therapy with an agent (ie, intravenous somatostatin analogues or terlipressin) to reduce portal pressure. [7] [8] [9] Prophylactic antibiotics are also indicated in these patients. 7 10 Finally, it has been suggested that patients with esophageal varices should undergo endoscopy sooner than those without varices. 4 Thus, rapid identification of patients with variceal hemorrhage would greatly enhance the care of this patient population.
Prediction of the presence of varices prior to endoscopy has previously been studied in stable
Significance of this study
What is already known about this subject?
▸ In patients with upper gastrointestinal bleeding (UGIB), identifying those with esophageal variceal hemorrhage prior to endoscopy would be clinically useful. ▸ Non-invasive markers of esophageal varices appear to be helpful in identifying large esophageal varices in stable (out)patients with known cirrhosis. ▸ Non-invasive markers of esophageal varices have not been examined in the setting of acute UGIB.
What are the new findings?
▸ The platelet count, AST to platelet ratio index, AST to ALT ratio and Lok index accurately predicted the presence of varices prior to endoscopy among the larger group of all patients with acute UGIB. ▸ These same non-invasive measures were slightly less accurate in predicting a variceal culprit lesion as the cause of bleeding. ▸ In patients with cirrhosis and UGIB, logistic regression was unable to identify optimal cut-off values useful for predicting varices as the culprit bleeding lesion for any of the non-invasive markers studied.
How might these results change the focus of research or clinical practice?
outpatients, primarily by using non-invasive markers of portal hypertension, such as the platelet count, AST-ALT ratio (AAR), AST-platelet ratio index (APRI), Lok index, Forn's index, functional assays, 11 transient elastography 12 and other novel imaging techniques. 13 14 These markers have had variable correlation with the presence of varices when used in outpatients. [11] [12] [13] [14] [15] [16] [17] However, they have not been studied in patients presenting with acute UGIB. Importantly, many of these indices utilize laboratory values that are routinely obtained as part of initial assessment and triage in patients with UGIB, making them attractive for routine clinical use.
In this study, we hypothesized that non-invasive markers of portal hypertension may be useful in determining the presence of varices, and also of varices as etiology of bleeding, prior to endoscopy. The aims of this study were therefore to determine whether readily available and practical clinical markers might predict the presence of varices prior to endoscopy in several different clinical contexts. First, in the entire population of all patients with acute UGIB, we sought to determine whether non-invasive markers could accurately predict the presence of varices (ie, in cirrhotic patients) prior to endoscopy. Further, we analyzed this group to determine whether non-invasive markers could accurately predict varices as the culprit bleeding lesion. Finally, in the specific cohort of patients with cirrhosis and UGIB, we sought to determine whether non-invasive markers could identify varices as the culprit bleeding lesion prior to endoscopy.
METHODS
This cohort study focused on non-invasive blood markers of portal hypertension to predict presence of varices and also variceal bleeding as etiology of acute UGIB. The study included patients admitted to Parkland Memorial Hospital (Dallas, Texas, USA), a University of Texas Southwestern (UTSW) teaching hospital, from January 1, 2003 through July 1, 2012. Inclusion required documented UGIB. Patients were identified retrospectively using the institution's chronic liver disease database (2003) (2004) (2005) (2006) ) and UTSW's Gastrointestinal Bleeding Healthcare Registry (2007) (2008) (2009) (2010) (2011) (2012) ; patient data in the latter registry are collected prospectively, and all patients admitted with UGIB from this institution were included in this cohort. Patients with incomplete clinical data (laboratory, endoscopy, or 30-day outcome) were excluded from the current analysis.
We first subdivided the main cohort into patients with cirrhosis and those without cirrhosis. Cirrhosis was defined as follows: a history consistent with chronic liver disease, plus the presence of clinical features consistent with cirrhosis, including clinical findings of cirrhosis and portal hypertension (spider angiomata, gynecomastia, splenomegaly, thrombocytopenia) or a documented complication of chronic liver disease (ie, ascites, varices, hepatic encephalopathy), and/or imaging consistent with cirrhosis, and/or liver histology consistent with cirrhosis.
UGIB was defined as reported or witnessed melena, hematemesis, coffee ground emesis or hematochezia (with a documented upper gastrointestinal tract lesion) in the setting of at least a four point drop in hematocrit from baseline or lower than normal. It is standard practice at our institution to perform esophagogastroduodenoscopy (EGD) in patients with any form of UGIB as defined above unless contraindications to endoscopy exist. We have developed a standardized approach to management of UGIB including institution of proton pump inhibitor infusion in all patients and adjunctive use of octreotide infusion and antibiotics in patients with cirrhosis. Standard operating procedure for practitioners is to use multimodality therapy for all highrisk lesions (ie, those with stigmata of recent bleeding or those actively bleeding). However, specific management was left to the individual attending physician.
Patients with UGIB were identified, and data related to the hospital admission were abstracted and entered into the chronic liver disease database and a Gastrointestinal Bleeding Healthcare Registry. Data captured included the following: clinical features associated with gastrointestinal bleeding, patient demographics, mortality and cause of death, medical history, packed red blood cell transfusions, hospital course data (intensive care unit stay, intubation, use of vasoactive agents), laboratory data on admission, vital signs at admission and endoscopic data (types of procedures performed, endoscopic diagnosis, stigmata of recent or active hemorrhage, and endoscopic therapies). A bleeding lesion in any given case was labeled as the primary diagnosis and the culprit gastrointestinal bleeding lesion. In some patients, more than one diagnosis was present (eg, esophagitis or gastritis was identified in addition to a primary lesion, and considered a secondary lesion) but not deemed to be the cause of hemorrhage. Variceal bleeding is deemed to occur when varices with stigmata of bleeding are present 7 18 when stigmata of variceal bleeding are present, varices were deemed to be the culprit lesion. For varices, additional data were collected such as number and grade of varices, use of band ligation as hemostasis and number of bands placed. Determination of bleed etiology and necessary treatment was determined by the attending physician at the time of the patient's endoscopic examination. For the purposes of analyses, patients with esophageal, but not gastric varices were considered to have variceal hemorrhage.
Demographics, laboratory values and physical examination findings are the initial values on the patient's admission to the hospital. APRI, AAR and Lok index were calculated using admission laboratory data, and in accordance with previously published formulas. [19] [20] [21] Child-Pugh scores and model for end stage liver disease (MELD) scores were calculated using admission laboratory values, physical examination and clinical presentation. Endoscopic data were gathered at the time of endoscopy, and hospital course data were reviewed and collected after the hospitalization.
Patients were excluded from this analysis if they had a form of gastrointestinal bleeding other than an upper gastrointestinal source, age under 18, did not have endoscopy during their hospitalization, or were pregnant. For patients who had multiple hospitalizations for bleeding during the study period, rebleeding after 42-days from the index bleed was considered a new bleed. A readmission within 42-days from the index bleed was considered a rebleed and data from that admission were not captured in the study database. The study was approved by the University of Texas Southwestern Institutional Review Board and met all criteria for good clinical practice.
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Descriptive statistics were used to present demographic and clinical characteristics of patients in the study cohort. The primary outcomes of this study were identification of the presence of esophageal varices prior to EGD, identification of esophageal varices as the culprit lesion in patients presenting with acute UGIB, and identification of esophageal varices as the culprit lesion in patients with cirrhosis. We specifically aimed to examine previously reported noninvasive tests used to assess portal hypertension and varices.
Statistics
Descriptive statistics were used to present demographic and clinical characteristics of patients in the study cohort. The primary outcomes of this study was identification of the presence of esophageal varices prior to EGD, identification of varices as bleed etiology in patients presenting with acute UGIB and identification of varices as primary etiology of acute UGIB in patients with cirrhosis. We specifically aimed to examine previously published non-invasive, serum markers of portal hypertension and their correlation with esophageal varices. Student's t test or analysis of variance was used to compare means by group. χ 2 Analysis was used to compare categorical data by group. To reduce the effect of outliers in the data set, 5% Winsorization was applied to the data set as a whole in order to adjust extreme values and provide more robust estimation for statistical inference. 23 Univariate logistic regression was used to determine which variables were predictive of the outcome variables with area under the curve (AUC) and measures of sensitivity and specificity used to assess the variable's predictive capabilities. Predictive cut-off values for variables were determined using the logistic model to indicate what values of each independent variable predicts the outcome with greater than 50% probability. Multiple logistic regression was used to determine which combination of variables was predictive of the outcomes. A p value less than 0.05 was considered statistically significant. No adjustment of the p values was made for multiple tests. Analyses were performed using SAS V.9.3 (SAS Institute, Cary, North Carolina, USA).
RESULTS
We identified a total of 2233 unique admissions of patients with acute UGIB (figure 1). After 5% Winsorization, the cohort included 1034 patients with cirrhosis, and 991 patients without cirrhosis. Of the patients with cirrhosis, 815 (79%) were found to have esophageal varices at the time of endoscopy. Of these patients, 260 (25% of the entire cirrhosis cohort) were found to have small or grade 1 varices (our institutional practice grades varices on a scale from 1 to 4, per the Paquet scale 24 ) that were not the causative etiology of bleeding. Thus, of the group of 1034 patients with cirrhosis, 555 (54%) patients were classified as having bled from esophageal varices. The remaining 479 (46%) patients from this group bled from other etiologies ( figure 1, online supplementary table S1 ).
We first sought to examine differences between patients with cirrhosis and those without cirrhosis. Patients with cirrhosis and acute UGIB were more likely to be male, Hispanic in ethnicity, and had a higher in-hospital mortality rate. They also had several notable laboratory abnormalities including lower platelets, higher international normalized ratio (INR), higher total bilirubin, higher AST, higher ALT (all p<0.001 for cirrhosis with or without variceal bleeding vs patients without cirrhosis) (table 1). As might be predicted, patients with cirrhosis had substantially different non-invasive markers of portal hypertension, such as APRI, Lok index and AAR than patients without cirrhosis (all p<0.001 for cirrhosis with or without variceal bleeding vs patients without cirrhosis) (table 1) . Notably, although both groups had similar hematocrit levels at times of admission, the mortality in patients with cirrhosis (both groups) had significantly higher mortality than patients without cirrhosis ( p<0.001).
The cirrhosis cohort was then specifically examined to determine differences between cirrhosis patients with an esophageal variceal culprit lesion and those with a nonvariceal culprit lesion. The two groups had similar causes of cirrhosis and similar distribution across the Child-Turcotte-Pugh classification. However, there were several clinical and laboratory features that appeared to be different (table 2) ; patients with variceal bleeding had lower systolic blood pressure and lower mean arterial pressure. Interestingly, those with non-variceal bleeding had higher MELD and MELD-Na (sodium) scores (table 2) . Several of the non-invasive markers had statistically significant differences between the variceal and non-variceal cirrhotics. Patients with variceal bleeding had lower platelet counts, a lower Lok index and a lower AAR. APRI was the same between the two groups.
Prediction of the presence of esophageal varices in all patients with UGIB
Logistic regression analysis was used to determine the predictive ability of non-invasive markers to identify the presence of esophageal varices in all patients presenting with Figure 1 Flow diagram of the patient cohort. 3018 patients were admitted to our institution with acute gastrointestinal bleeding during the study period. After excluding patients with lower gastrointestinal bleeding and removing the upper and lower 5% (Winsorization), we divided the cohort into those with cirrhosis (1034 patients) and those without cirrhosis (991). We then further subdivided the cirrhosis cohort into variceal (555 patients) and non-variceal bleeding (479 patients) groups.
UGIB. By performing AUC analyses, we determined optimal cut-off values. For all patients presenting with UGIB, the platelet count (cut-off 122,000/mm 3 ), APRI (cut-off 5.1), AAR (cut-off 2.81) and the Lok index (cut-off 0.86) had AUCs of 0.80 0.83, 0.64, and 0.80, respectively, for predicting the presence of esophageal varices prior to endoscopy. When we considered simple identification of the presence of esophageal varices, and associated AUC values, we created a summary of best fit performance characteristics (table 3) . Of the four non-invasive approaches studied, AAR and APRI had poor specificity. Platelets and the Lok index had similar sensitivities, specificities, positive predictive value and negative predictive value.
Although we determined optimal cut-off values through best-fit analysis of the AUC, we explored other cut-off values for each non-invasive marker, with corresponding unique sensitivities and specificities (table 4).
Prediction of esophageal varices as the culprit lesion in patients with UGIB
We utilized logistic analysis to examine the predictive ability of non-invasive markers to predict esophageal varices as the bleeding etiology in patients presenting with UGIB (table 5) . In this patient subset, the platelet count (cut-off 69,000), APRI (cut-off 2.6), AAR (cut-off 2.5) and Lok Index (0.90) had AUCs of 0.76, 0.77, 0.57 and 0.73, respectively. For prediction of bleeding from varices, specificity was marginal for all markers, with the Lok index having the best specificity at 63%. Overall, the platelet count and Lok index had the best test performances of the four markers. A cut-off platelet count for the presence of varices was determined to be less than or equal to 69,000/ mm 3 , while a cut-off Lok index for the prediction of varices was determined to be less than or equal to 0.9. APRI, AST to platelet ratio index; AAR, AST to ALT ratio; CTP, Child-TurcottePugh; MELD, model for end stage liver disease; MELD-Na, MELD-Na (sodium); NAFLD, nonalcoholic fatty liver disease; UGIB, upper gastrointestinal bleeding. 
Prediction of esophageal varices as the culprit lesion in cirrhotic patients with UGIB
We next attempted to identify ideal cut-off values for detection of bleeding esophageal varices in cirrhotic patients presenting with acute UGIB. Although there was a statistically significant difference in the measured noninvasive markers between patients with cirrhosis with variceal bleeding, and patients with cirrhosis and non-variceal bleeding, logistic regression was unable to clinically differentiate variceal from non-variceal bleeding. Overall, the examined markers had poor AUCs, poor sensitivities and clinically irrelevant cut-offs (table 6) .
DISCUSSION
Acute UGIB is a common clinical problem in the USA, with an annual incidence of 82-146 cases per 100,000 adults 25 and estimated medical costs of $1 billion. 26 Accordingly, accurate identification of UGIB and appropriate triage of care is essential in the management of these patients. A variety of clinical features assist the clinician in triage, including history, examination, and laboratory data. While medical history may be known for many patients at the time of admission, a subset of patients present without a known medical history. For example, some patients with acute UGIB are not known to have cirrhosis at the time of presentation; in a previous study, the diagnosis of cirrhosis was unknown in 35% of patients at the time of presentation with acute UGIB. 27 This is especially important as in-hospital mortality for cirrhotics with acute UGIB is greater than for patients without cirrhosis, 28 and it is possible that patients with cirrhosis may benefit from early endoscopy. 26 We found that in patients with known cirrhosis, esophageal variceal hemorrhage caused bleeding in approximately half of patients. Thus, the precise etiology of bleeding is often unknown until the time of endoscopy. In this study, we have shown that in a large combined cohort of patients presenting to an emergency room with acute UGIB, the platelet count was the best predictor of esophageal varices being present on endoscopy. In comparison to platelets, the Lok Index had a similar negative predictive value (64%) and a higher positive predictive value (84%) for the prediction of the presence of esophageal varices in patients presenting with acute UGIB.
In patients with cirrhosis, however, non-invasive markers of portal hypertension were unable to differentiate esophageal variceal from non-variceal bleeding prior to endoscopy. On examination of the cirrhosis cohort (table 2) , there was a significant difference between the platelet count, APRI and Lok. However, further analysis with logistic regression deemed these markers unable to accurately identify varices as bleeding etiology prior to endoscopy.
While non-invasive markers of portal hypertension have previously been studied in the context of esophageal variceal screening in high-risk patients 12 29 and correlation with fibrosis, they have not been applied to patients presenting with acute UGIB. Further, with the exception of platelet count, the respective non-invasive marker indices examined in this study were formulated using chronic hepatitis C virus patient cohorts. Thus, this is a novel use of previously reported indices.
Although the Lok Index is calculated with AST, ALT, platelets, and INR (all of which can be easily obtained and reported in a time efficient manner), it requires a dedicated calculation; whereas the platelet count is readily obtainable and easily interpretable. Thus, we speculate that the application of the platelet count in the initial assessment and triage of patients with acute UGIB could potentially augment a clinician's initial decision-making by rapidly identifying those patients likely to have portal hypertension, and thus in need of adjunctive octreotide, antibiotics and potential transfer to facilities that have gastroenterology services on call. Unfortunately, while reasonably sensitive, this clinical measure is not specific. There are several strengths of this study, notably the size of the overall patient population, and the size of the cirrhosis cohort. Furthermore, data were collected over the course of almost a decade, at a single center, during a time in which standard of care did not substantially change, (ie, the use of proton pump inhibitors, vasoactive agents (octreotide) and antibiotics in cirrhosis presenting with UGIB). Further, data collection was complete since the premise of the study is to utilize routine, easily obtainable laboratory markers that are commonly drawn at the time of an initial assessment.
We recognize limitations of this study. The study was at a single center, was retrospective, and not all patients diagnosed with cirrhosis had a biopsy proven diagnosis. However, practice at our center followed closely currently published guidelines suggesting that the practices followed are generalizable nationally. 7 30 31 Additionally, our population was extremely heterogeneous, suggesting that the findings are likely generalizable to a wide range of patients. With regard to concern about a biopsy diagnosis of cirrhosis, it should be emphasized that we used commonly accepted clinical criteria for the diagnosis of cirrhosis. Interestingly, mortality in our cohort was comparatively low in comparison with other studies, 32 33 raising concerns about differences in care provided at our institution compared to other institutions. However, this should have no bearing on the conclusions drawn here since we focused on diagnosis rather than outcome.
In conclusion, by examining an extremely large, diverse and carefully phenotyped cohort of patients with UGIB, we have shown that patients with cirrhosis frequently bleed from lesions other than esophageal varices. We have also demonstrated that patients with cirrhosis have a higher mortality rate than those without cirrhosis and that the mortality rate in patients with cirrhosis with esophageal variceal and non-variceal bleeding was equivalent. This underscores that other factors, such as underlying severity of liver disease are clinically important, as is the clinical course of a patient with cirrhosis, especially if they develop other poor prognostic signs such as sepsis or multiorgan failure. Finally, while our study indicates that the platelet count may be potentially useful in augmenting a clinician's ability to quickly identify patients with cirrhosis prior to endoscopy, we conclude that non-invasive tests are not able to accurately predict whether the cause of bleeding is due to esophageal varices. In this setting, endoscopy is required to make a definitive diagnosis.
